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FOREWORD TO VOLUME 11 


| of a satellite vebicle which can ‘Perform visual, electronic ; and 


infrared reconnaissance > togeties with the necessary system of Ground | 
stations > data Processing centers ; and training facilities. 

| of CCN No. 1 te Contract 

: 105 » the: Missile Systens Divied 
Dev elopment Pian a (sD 1536, 






“ dance with the instructicr Ons 









: on oration, has revised iti 





Volume Ir ) to be consonant vith the Wop Deveis pment, Plan 








and i published in ‘Volume r of this report. ° 

' It should be noted the outline of subsystems as given in MSD 1536 
has been ‘changed to agree with the WDD Plan. | Subsystems z and J of 
MSD 1536 have been combined to give a ney Subsystem H - Ground-Space | 
Comminications. ; : YF | 

In accordance with oral Nichia. from woo, the Flight Test 

Subsystem I of ‘MSD 1536 has not been documented at this time. The 
information pertaining to flight testing is presented in the other 


subsystem volunes as spPropriate. The titles (of old Subsystems K and 
iL (now L-ana g : respectively) have been changed. 
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MSD-2012 
OR 
WS 117L DEVELOPMENT PLAN 
) Volume I SYSTEM PLAN | 
2 : inldatin tends 
- Volume IIT gun ygrrmy PLANS 
oA Vehicle 
a: “Propulsion | 
C Auxiliary Power 
D Guidance end Control 
£E. Visual Reconnaissance 
| 7 Mlectronic Reccnnatssance 
| G Infrared Reconnaissance | | 
fiz H Ground-Space Communications | | 
| I Data Processing and ‘Intelligence Dissemination | 
J Ground Support and Training 
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bital boost phabe-by use cf autopilot and -mStors . 


Zz. Attitude control of vehicle orientation in orbit for maximun - 
Vbesienl reconnaissance TROL . MPH *? 17 3 | | 
zs ATID) JOE LAO! ATI Te PRovicE Fens ocr wey re 








Aetenrirwrh NAELA T1ofs OF RE| MLN Een er HRTR | - 
2. Ws CE LS LS Ce ae 
DD 2, 613 —_—- : THER ar PAGE D-1 or 6 PAGES 
| _ LOCKHEED AIRCRAFT CORPORATION _ “ ae - , _ MISSILE SYSTEMS wine 








RED PROJECT CARD 
CONTINUATION SHEET 


1. PROJECT TITLE 





tion, the subsystem Will operate in an 
to stabilize the vehicle and to Provide 


mounting Teconnaissance elements. 


www 6s sew awe ~ 





The attitude will be 8 
from degrading resolution of 


be known With suffi 
navigation location 


b. A oach 


guidance equipment 


and WS 315 A programs. 


with the boost 


The effect 


techniques t 


Similar to that be 
‘e) 
er ‘Vehicle used. 







_ MS 
2. SECURITY oF 3. PROJECT NUMBER. 
PROJECT . 
S| wy, 


D-20 








S. REPORT DATE 


1 November 1956 
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"Mbit es. 


above the Surface of the earth. In addi- 


Autopilot contr 


orbit attitude ‘control mode 
& platform suitable for | 


tabilized in order. to pr \ : ee n | 
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Cient accuracy to permit the application of . 
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and test results from 
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1 November 1956 


- Gyros, and accelerometers and the computer programming 
Will be similar to those under develorment for ‘the WS 107 A 
and WS 315 A programs. | | 3 





the ascent guidance saaiego 7) - 
nish information on the missile's position. and velocity 
to the transition computer, | 7 


ATS PERRI Ame Fe vies ws aan 


‘control signals to the transition contro] ‘system. © 
2. WS107Q-) # 7 oom 


a a. Zransition Compu uter : | 1? 


o+ Suibeontract angeLic yen : 3 


¢. During the Coast phase the transition couputer will com- 
pute the time to fire the SABA LGe MOS on and the 
velocity to be gained both in magnitude and direction. 
This information will be used to orient the vehicle in 
the desired attitude for final boost and to furnish in- 
itial conditions for the orbtbas. boost guidance. , 
VERE a 


4. a. Transition Contro] System _ 
b. Contractor: _ LAC Msp 


cs During the coast period a control system is required to , 
wgryent and stabilize the combined booste ARS atageO Sp 
Corea,r spat ePNeha in the correct attitude for SAME Commands 
° to this unit ceme from the ascent Guidance unit. | 
7 NEL ANE 0 ENDED | eo | 
rn pate de Boost Guidance 
fae a | re | 
| b. Subeomtuact ;, > a 
Cc. This unit Provides guidance signals to the OSV autopilot ; 
measures the velocity gained during orbital boost » and 


Hrovides @ signal to cut ore the engine. Some components — 
of this sytem may be common to the ascent Guidance unit or 
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-. tion. This mit derives its commands from the orbital 
boost guidance unit. - as - 4 : 
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¢. The orbital attitude contro] unit is designed to align 
and maintain the alignment of the vehicle to the loca] | 
vertical of the earth 'S gravitational field during the 
Orbital life of the vehicle. | Fee Yo Big. 


C System, damping will be provided by means of ang-— 
ular rate Sensing devices ang motor-driven inertia wheels. 
Rough initia) alignment to the local vertical Will be ac- 
complished after orbital boost.€y SET AEAct yg 


7 &. &. Attitude Indication and Image Motion Compensation 


C. An indication of the instantaneous ‘vehicle attitude may 
_ be necessary in order to correlate reconnaissance data 
with Seo0graphical location. This may be accomplished by 
& combination of internal measurements and an external 


data transmission system. 
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A. Statement of Problem 
The objective of the Guidance and ‘Control. Subsystem is to ensure 
the thrust is applied in such a& way that the vehicle is placed in a 
circular orbit at an: altitude of 300 n. miles. At this altitude the 


vehicle velocity must be ina hori eantet plane and ite magnitude mst 


be epproxinately 25,500 ft/sec (vs ¥ eR). “When the vehicle enters. the 


orbit the error in velocity mist not exceed 30 feet per second in 


magnitude and 1 milliradian in direction. If these conditions are met, 


& 300-n. mile orbit will have eae and minimum altitudes of 320 and 


260 n. miles, respectively. After the orbiting condition has been 
obtained and the engines have been shut down, — ears and control . 
subsystem converts to an attitude control mode of operation. The 


vehicle attitude mst be controlled so as to pereae the Line of 


. sight with respect to @ known reference frane to Ts reconnaissance 


read-in and read-out. 


The operation of the ARS guidance and attitude control systems 


Can be divided into Pix phases: : 


el ; 8 , 
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oe i | The booster-povered phase beginning a launch and 
continuing to the cutoff of the booster and 
ae sustainer engines. | | 

2. “The unpowered coast to apogee on an elliptical 
ascent trajectory. 

- The application of the orbital powered boast to 

| provide the necessary increment. of velocity to | 
place the vehicle on the desired orbit. : 

4. Attitude stabilization and indication after the 
orbit stage vehicle has been established on the 
desired orbit. 

oC. Solution - 
1. " Booster-Powered Phase 
The initial booster-povered phase. is very similar to that 
of the intercontinental and intermediate range ballistic missiles. Bence 
| advantage can be taken of the development of booster vehicles including 
propulsion , eirfrane ; autopilot ana control system, and guidance » for 
the ballistic missile projects, WS 107A and WE315A, _——— | 
a 7 An inertial guidance system consisting of a gyro-stabilized 
platform ; singly integrating accelerometers » and a guidance computer will. 
provide steering signals to the booster autopilot and "Propulsion cutore 
— for the rocket engines. 
2 Coast Phase 


After termination of the main boost propulsion, the vehicle 
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the required attitude. - In addition ' the orbital boost, guidance system will 
measure the velocity gained by means of an integrating accelerometer and 
will furnish the propulsion cutoff signal when the =aaeeree velocity 
is attained. | | 
he Attitude Stabilization a 

Oe SATElLLiTe 

After termination of the orbital boost » the Osyv must be 
reoriented roughly to ‘the local vertical so that the vehicle will stabilize | 


in attitude through the. action of the earth's s- gravitationa! field on the — 
TMS whe REOQuIRET RETHAT THE M 0m ENTE OP jean viadn 


re 7 


MASS distribution of the yeatcle. Through se operation of rate gyros % 
‘sensing the vehicle’ 8 angular motion and the action of motor-powered = 
flywheels » the oscillations of the vehicle's S angular motion will be RN) 
damped to a stable orientation with respect to the local gravitational : S | . | 
vertical ( including orientation about the vertical as the yaw axis). | a . 
_ Torques disturbing the stable orientation of the OSV to = : 
the vertical may arise during orbiting because of the ‘oblateness of the y | ; 
earth ; elliptical orbiting , non-compensated torques from rotating < : 
machinery » radiation torques from the APU. 7 ete ° ’ Since damping | is _ “hy 
provided in the orbital attitude control ’ the angular motion resulting | RY : 
from these disturbances will always be damped out (atowiaed the disturb- = 
RS fordues are not too as be Dis See Se eT swe mer Tee < 
MET TONPVE pes Perse, (3 He “aeChinde CUES eysien ‘time Conetent fs =ee = | > : 
| large, - cad titted of the instantaneous attitude may be necessary to | : ‘ . 


PAcvIO€ A Ni Fenewmes ew CEI Ce og 
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II. DESCRIPTION 


A. Tasks | 


1. Ascent Guidance — 

This task requires the Provision of an inertial guidance | 
package to guide the vehicle during boost and to furnish attitude 
stabilization information during the coast phase. “Because of the latter 
requirement ’ a ground-linked radio guidance system such as. that being 
developed for the Atlas ballistic missile is not sufficient, although 
its use may be of some benefit during boost.. 

It is ‘muda that the inertial guidance package 
will consist of a ‘three-axis platform stabilized by three single-axis . 


«gyros, three single-axis integrating accelerometers mounted on the plat- 


form, and a guidance computer. The outpute ‘from the guidance equipment 
during boost will be steering signals to the boost autopilot which is 
assumed to be furnished with the booster vehicle 7 & bropulsion cutoff 


. signal to the rocket engines ; ‘end information to the transition computer 


on the measured position and. velocity at the end. of boost. 
‘During coast the stable platform furnishes attitude infor- 


mation to the transition control system. 


Ground. equipment for initial dite: of the inertial 
system and for moneyorsne the operation of the guidance equipment will be 


retares 


Tt is anticipated that significant advantage can be 


MISSILE SYSTEMS DIVISION 





LOCKHEED AIRCRAFT CORPORATION 





‘MSD-2011 


taken of the guidance cave oumen work on the WS 107A and WS 315A 


programs in the utilization of developed components and environmental 
test facilities and test results. 
2. Transition Computer ; 
‘During the transition coast period a computer is required 
which aarece: data from the ascent guidance equipment and computes the 


velocity magnitude to be gained during the orbital boost stage, the time 
to initiate the orbital ost and the proper attitude for the osy during 


orbital boo st ‘ 
| It is anticipated that the transition computer can 


operate on the basis of deviations from a ‘Preset program. Hence its 


accuracy is not Serres and it can be & relatively simple analogue 
type computer. 


3.. Transition Control System 
Attitude control must be exercised whenever the rocket 
engines are not eperetine- During the coast or transition phase of the 
trajectory, the residual angular impulse during and after termination of 


the booster Propulsion and that due to booster ‘separation mist be removed, 


and the attitude mist be stabilized for proper thrust orsentetdon a 
to initiation of the orbital boost. 2 


| | Attitude sensing information inputs to the transition 


, control syeten are derived from the gyro- stabilized platform and from 


the transition computer. The torques neceseery to control and stabilize 
the attitude can | be obtained by means of small auxiliary gas Jets or by 
means of motor- controlled inertia flywheels ° 
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hk. Orbital Boost Guidance 
"During the orbital boost phase it is necessary to 

provide steering signals to the OSV autopilot and a ‘propulsion cutoff 
Signal to the rocket engine. The orbital boost guidance system mist 
sense the attitude of the vehicle and provide steering signals to the 
osy autopilot control system to maintain the proper thrust attitude ; | 
in addition, » it mst measure the velocity gained during orbital thrust, 
compare = with the velocity-to-be gained computed ‘by the transition | 
computer, and provide a cutoff signal to the rocket engine when the 
two are equal. | _ 

The attitude sensing function can best be provided by 
“means of Syroscopes, and the velocity gained can be measured by means : 

; of an integrating accelerometer oriented along the ‘thrust = of the 
e vehicle. 

Some of the components of the orbital boost guidance: 
system may be common to. the ascent sa system or the orbital | 
attitude control system. | 

5. sv Autopilot 

Thrust will be applied to the osy in a direction parallel 
to. the horizontal plane at the apogee. Thais thrust wilt be applied for 
‘about 30 seconds prior to apogee so that a measured increase is made to 
the vehicle hori zontal velocity while no vertical velocity component is 
| added. The vehicle heading is established to provide the proper value of 
the maximm latitude for the orbit. 


D-Tabil, p 8 
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The Osv autopilot provides the dynamic control of 
thrust direction through deflections of two gimballed 150-pound thrust 
control engines. ‘This control is required to maintain a stable vehicle _ 
attitude during the OSV boost stage. Since this unit functions at very : 
high altitude and after the OSV has already gained a high velocity » the 


| primary requirement on it is that At be capable of providing axebis 

| flight contro}. Through reference to the attitude reference unit, the 

| autopilot receives error signals required to correct. initial errors in 
8 short time and to ensure that thrust is applied in the proper direction 
_ to avoid large residual vertical velocity components at the end of the 
boost stage. 


6. Orbital Attitude Control 
During orbiting flight the vehicle attitude mst be 
controlled so that payload elements will be aligned properly for 
reconnaissance purposes. The aiteatinds of lines-of-sight ; antenna 


axes, etc., mst be controllable ? and, in some cases ; they mast be 


known within accurate ‘Lmtts. 


The reference direction for alignment is the local 


vertical of the earth's gravitational field. By proper distribution 

of the mass of the vehicle ma the desired orientation can be made a 
naturally stable one about three orthogonal axes through the action of 
the gravitational field gradient in producing restoring torques on the 
vehicle. Oscillations (of the vehicle about the stable orientation are 
undamped. In order to provide ies s0 that the oscillations will die. 


D-Tabil,p9 
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out with time > & Means of sensing the rates of angular motion, such as 
rate géyros, will provide signals to control electric motors driving 
inertia wheels. 
| “After the orbital boost stage 3 the vehicle mist ‘be aligned 
roughly to the local vertical before the orbital attitude control becomes — 
| | effective. This can be accomplished by means of small auxiliary air 
jets controlled by the stabilization elements of the orbital boost 
; guidance system, 
Some components of the orbital attitude carot svateai 

may be shared with the orbital boost Se system. | 

ae «Attitude Indication and Image Motion Compensert-ion 





Disturbing torques on the orbiting vehicle due to the 
oblateness of the earth ; the effect of an elliptical orbit ; ‘residual 
unbalance in rotating machinery, etc., will cause transitory and steady- | 
| state oscillations despite the presence of damping. An indication of 
| | | the instantaneous attitude of the vehicle may be necessary in order to 

| correlate reconnaissance information with geographical location. Changes 
J a in attitude will be available from the rate gyros of the orbital attitude 
jo control equipment, but drifts in the gyros will Limit the long-term 
accuracy. Use of an external reference, eich as the earth ‘s horizon or 
| ; astronomical. bodies, e.g., the sun » can seovide an absolute reference 


for attitude indication. — 
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